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L_e:-:lgn and Use of SOFIA B-restgi't [_u:< f.u_" ':" ,:--;:'_:_ ::str.-m_n" :",.Lt.:i_,',":.'
Dan Les tar

DRAFT ,9 / i'..7.1O0

_!otivation

One of the design goals of SOFIA is _hat the telesco[,_ cavity Le kept

seazed for long periods of time. [,_:lT,s routine tnstalla,tion of scterce

instruments (S[), and pre-flight operatlonal checks will be possible

without cavity intervention. Such a scheme is quite different from that on

the KAO, where Sl alignment routinely involves cavity traffic for

installation of light sources, or long periods of time with the door fully

open in order to view external light sources. An alignment scheme that

presupposes a sealed cavity will serve three purposes:

- The cavity, and the optics contained within, wi]l be kept clean. This l:_:

a matter of special concern at an urban airfield, where hydrocarbon

pollution is a significant source of dirt. For background-limited work in

the thermal IR, the low emissivity of _ clean optical train is a

requirement for optimal system performance. FoL- work at visual

wavelengths on (for example) planetary occu!tations and eclipses, a c!e,_.'_

optical train will minimize scattered light that can interfere wl-_::

observations. Without special measures to keep the optics clean, t...e

system efficiency will suffer, either because of reduced detecti,'ity: c:;

because of extra down time that will have to be budgeted for mir_',?[

recoating/cleaning.

- The need for KAO-type line operations witli be eli_:_tn_ted. SI:='.<,n ',h,= ;L.',',

that require line ops for boreslghting are somewhat at the mercy of t.__e

local wepther. _It can be assumed that the manpower that .].>ts ir:'..e::.:e._

in a KAO line op (that turns o_it to be clotlded o_It) will be sub=v.a::tt.:_i],

exceeded on SOFIA if llne operations are required.

- The amount of aircraft 'quality time' required by the SI team to do thelr

alignment can be reduced. Alignment can proceed before the cavity

finishes warming up from the previous flight, and can proceed well into

the precool period for the first S1 flight. Alignment check ._:¢;=r" _e d:__ne

between flights without warming the cavity up at all. The tu._n-around

time between SI teams will thus be reduced.

The boresight box (B_z] attachment to the S[ _nswers to this goal of a .nero

traffic cavity for routine alignment operations. The role of nhis unit in

the complete alignment proce,ffure is outlined in the d.Dcument "Alignment

Procedures for the SOFIA Telescope and Science rnstruments"- Functic, nall)',

the BB must

- allow the S! team to define a FPI/SI boresight for their instrument

(eliminating the need for mounting the PCLS on the telescope, as well a::

KAO-type line operations.)

allow the SI team to determine, or at least check that the SI bea_ is

optimally pointed at the secondary an _4 tertiary mirrors (eliminating



the need for a chor_ped hot. p;.:ate (<:{P <o '.>,e :_,,:;_::-":: _.:,: k:!> t:•.e car:.'_),

as it is for the KAO),

have minimal comple:<ity to <n,:'o'..i_._.g ':_ t;.'-u_+., to i,..c:'e,__:e th,--_',:onfidence

with which it is use,i, ar:_[ to allow se,/er._;_l t..)b',÷available .it an/ one

time for instruments that are in different s1:ag-_.s of ftig!::: ":_-:iar,:ti<_:_:.

not seriously impact the flexibility with vFr:_ci: is can i_e m,k,un,.__..Lo_, ....

SOFIA Nasmyth mounting plate.

- be rugged enough to travel (witi, the :-[_ [:-o_, _:],_";_._;_ul_<,: _;, : _,-__,,-:J

to the telescope witho:it cL',,1:i:r,_,7_:_i:_']t}-e :L_=j...c_e:,:l.,._,i :a,_y :_. ,::q<:L!e,

to support a large fra,:'tlon of t':,e w,e1,ji_t ,0( ti>-. :_[ ',<:,_.,-.o_tak,_ ]7,_ji:t

ins trumen ts.

- have a FOV tinct include :_ ,_he opt:c_i _:.:i:• of the te]es_:__[,,', but need net

cover the ent'_,-e 9" ='¢g oL the t:iescope wkl:i,out vlgne,_kino • This

Sllnplifi,.'at!on ks ..,9"_d .>n the pr<,_-um[:,tien t',_aL ,*'.'e:7 L',[ WLI[. 7.a."_ at
• " - ._ *. .R'< >.,iea3_ ,,n,:- ,t'.etectoE th._t --:-: close t,:, the t_=:e:=-cob,e o!,tm,: i " =.,v, that

t.oresi,$htlng this ,iete,i'to- r ,,_il] _,i[:,,_ ]::dj[_,.('t b,:.:es_.gL::ing of the others.

• ,-, ,-,

Design Con_;iderati,,":: _.,= _-:a -

__ t _l,.,s, ,lb'_ec ....The f.,r_cti,,r, o_ the 2.L-.-<: . _,_,.:,_ .... _ ,t in.:. :'.: .'-. z.::n:,:e:,t to be
, _-' _ --',GF[A sim,ii._t)_ a:_cL th,:n t.yr,._.-'Y+Y_e,J c_ver t,:. "!;e

_7_£-FLe_; o{:t OS ...'1-.. .. * ' "

> _ : ,a S C 3 r_ ¢-- _ lk _ " _ i _ :3 t X : ] agiO[1 T!],:a,. }/a,£a/.:4 O _ t[',i.', a' LG:::;I'L-I_t. ate .:_h,2,P. _ . ,- _ . _elT ..... _ , ,_,-, r m

possible optimal Si beam-line alignment with secc, n,_a_v; _'_,'_[ !:cYeslg '<t:

par.focalization of F?I wit'.':£1.

The BB has one moving pa.:'t ,._n ;ne:,.,_t_[:"_ ::: ..... ': :--: .:-;_,i .'-: : ".: :: :' :-""
• _, :" . ..... _.. '' - t _: 7 _t :.[ -.. • :it k[,

fo,uai plane, and t,,_o im.:>-ler=. .m-..-- ......................... , .....

telescope beam at ie_sr, when th,-. ;:,:.sin ,..,..:_>..:,:e.3 _::: . r:,.-' -; :: _' : ..... :
mirror must retract out of the beam entirely £,): a'.:y p,:,.:.it:,o,_ ::_ t::--. FLIq <,f

the telescope. When inserted, this mirror n;ust position :<:ze!_ ._=-,:c._::_,:'ibly

to within ~! arcminute. This is toque-red for _B.g'[/Sl boge:-_icjht st.abilitv

at the 0.3 arcsecond level for all focus posit.ioR.z. [d:,,]].]}.',tT,:_-

insertion/retraction will be able to, be done remotelT. This feat:: e :vo:_l,i

allow frequent checks of the bove:.-'z'_b< .-.'._a!".i"_ <;,',_,.rl;:;.,t......vi,,_ _ ..--

console area.

w- _ " t " LT: Jrld __'C'C:.;:3.
The BB " ' ....pup__z plane ima,;e_ _BSP[' "-_ : ;'e_'- ':i." _,<_ ,:, "i,:.:e,e i::':'..'

• _ , , -., - ; e}_,-. 2S[[ :,L "-,ma'] ='
Thi-'. [.>:us is in the [_ field an,:_ ir_ _.:_,_,- t,a,:',- t,:, ._-' .... -

the secondary mirror. The B"-. focal p\._r.e im,_g,--._ (rZ.EFI) must _e <._..:.£:._;,:able

so ti_._t it ,:an be parf-)c._l with any 'S[, and th,_'s must .r'ea,:h the :_:::ecified

focus [-ange of the t=] _s_,om. It is r _ r,ece::sar7 _'v]t t'.-:_,:j,_.r :,_'_:_o..'e:

this entire range for e_%ch SI, and aLtert:ate 55FI l,o,:._t_on:_ will allow the

BBFI to par-focalize with different lnstJJUm_m •

imagers, it is not necessary to specify high s,-,nsitLvity. Fo:- the 2,?.P[, :.t

need only be necessary to see the chopped f,ot r._'_at:;:,(C!{_:'I, ,.,:_<<'.:+

telescope secondary when they a-_e lllu,ni:_ate,t by _-,:.om, o_- cavity " [,This.

The BBFI need only be sensitive enough to see the image t,zom a iaborato_y

light source, and fro areasonably bright stars. Many l,.i,_d_-"of ine:.:pe:_sive,

off-the-sheif comme_ciai imagers will serve these purposes, and c_n :each



the re,],_i:ed £ocus range -_:t}', s_and_sdco_nme::ci-_lp!w_tographylen._es. 8oth

imagers si_c),:].dhave a pi:<el [o_at thAt '.:_ ]t.:_b'._- with r,.si_ect to operatlnc

voltage level and large cnang{.s :n a,n:-)lent ,n_g _et:,: ::ei_h-',. :< is

noteworthy that small, ]ightwe[gnt, ir.expe_::_',ive, g:_ted ,_]C? C<:D imajers are

commercially available that satLsfy all of the.re crlteri]. These imagers

will be capable of seeing V<[O str,rs at ,_i:!eo r.<te through the SOFIA (even

with the ~i magnitude handicap of fixed beamsplitters -see below).

The alignment of the SI beam to point to the secondary can be carried out

with the B8 in a manner that is analogous to boresight determi r:atioP.- _4!:e,

the S[ is on tile simulator, it is tipped to peak up signa], on the ckopped

hot plate (CHP) The position of the chooped hal pi._te is rec<_..e_' ' t he
BBP[. When the the SI is mounted on the te].escooe it is tipped so that

secondary mirror falls in exactly this po.%ition. If the simulator is

aligned in stIch a way that it looks, to the SI, like the telescope, then

the optimal SI tilt will be trans[erred to the telescope by the SI mount,

and the BBRI is available as _ check.

The boresighting of the Si is done on tke _{imulato: using the portable

chopped ].ight source IPCLS). The PCLS produc_-s .% f:_cussed image of a source

that is visible both optically and by the S[ In tho S[ focal plane. The

PC[,S is _djusted until the image of this source is centered on the SI

aperture, and is correctly focussed for the S[. The position of this i,_age

in the 88[[ is then established. This iefines the B[{.F[/S[ bcresight. Once

in flight, just before the first object, a 'tran:{ie_" star "_s acqulred on

the BBFI/81 boresight. The telescope seco,udar" is ,_oved to focus this image

on the 8BF[. This star is to be used :._.!npl/ _,.-{s [_'<_uc__a!, and need not be

visible to the SI. When acquLred, Lhe position ,of the star in the FPI is

noted. This is the FP[/$[ bor(:.?ight, a_'.d ,_-an be <herked snytl_e during

flight.

• : U .... O_! _ J "-R

Figure I is a schematlc _.or a 8_. ,_'?nse[:,t. ".'71,9 ' _ nC it. rne ::.......

the same mounting hole p{ttern .as the 5S tai:_-< ,_? 7::_tn£ _smvth _ntl:'_c

plate. The retractable mirror is ._h,,wn as (A}. ']'he '_ .... path _" folded

using fixed beamsplitter mirrors (B! and (E>, and f_rst surface mirrors (C)

and (D). The advantage of fixed beamsplitter versus flip-mirrors ls that,

aside from the movable mirror (A], the entire light path is fixed. The only

disadvantage of beamsplitters is that, for "50% reflection and
nat_u_, ., ;_ from t i - _

W ]._. y S.9.....transmission, the P.BP[ '_1 onl see 1 ÷ of :!-.; _:,-:-t he illum

secondary, and the 5BF[ will either see about halt or one-quarter ol the

light from the transfer star. Sinc.e neLther ali,;nme.nt _mager will be " -_"

starved, this is not conside_'ed to he a problen_, i::e :,=.,_ i:{ fz:,ed in

position and for.us at (F), and the 8SFI is eiLh,-:_= at position (_]) or (H]

d_pending on whether the telescope focus is p,: ....oc.-_.L_aed on the Si Inside
- . , it ticns for the

or outside ,.hu_ nom_na_ ,t-,1,,._:_o_'f,_-,,zus._4 h two r)ossibie posi

BBFI, the plate scale (in arcsec/pixel) will be a function of the focus

position. As long as the E.SFI focus is not changed after the simulator is

used, however, and as long as the magnification is such that the image is

always spatially oversampled, this variable magnification will not hinder

the boresighting operation.

Step-by-Step Use ,of BB
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The ,al]_nme_]t f, coced;_r@ may be bro!<_r= down; in to discrete _teps. These steps

are a subset of the genera], insta!!ation procedure that is outlined tn

"Alignment Procedures for the SOFrA Telescope and Science Instruments"

The alignment of the simulator (O.n) nee(] not be done frequently. Alignment

of the SI with the simulator ([.n) and (2.n) wlil be done once for each

nstallation. Boresight transfer (3.n) will be done at least once pe= flight.

Alignment of simulator:

(0.i) An alignment telescope is mounted on the 8B. The combination is mounted

on the main telescope• The alignment telescope is aimed at the center

of the secondary, and fixed at that angle.

(0.2) Alignment telescope/SB combination is carried over to the simulator.

The mounting bracket for the PCLS and CHP is adjusted so tha-_, with

respect to the mounting flamle, the simulator is identi,zal to the

main telescope. Both the PC[,S and CHR, w}-,en mounted, will io=a<e

i_ato_ mounting ._latethemse].ves in _ position relative to the sire, _ -

that is identical to that of the t,alescope secondary relative to the

Nasmyth moup, ting p].ate on the .t_iescop_..

Alignment of ::;Iwith si _-_-:

(i.i] [i!oNn!- _,_, d,:l_x. Combi:_._ri;,:l _- r:::;:,t<.._.:n n :au_J_.,_r. $I beam is

adjusted to peal< the :;:,]_:._io:; '-':e <':_:-'.8}Pl is -sad to record the

location of the CH? in ;<:-e<,:' _-::.,.r.iL::.:_./_,sor, '.:ke i._lag_ from t:.::.:,

,Tar;_,aIa.

(l.2) PC[,,'-- .,-e:,_].:_ces <'i'-" : ";_--t= ..... ! .: . ; ',. ;7.... ::, __: : ._...-. :._:.z:. .._.+

adjusted t.:, g-re ;-e-_. -; .-':.Un.-:- ::_ .<- .;. '1" ,+ 'i._i r_: T-.<<:4s,:>,] Z:: thi.-.z

peaked RCLS !_idg6. 7-" ti_: [4!:,{.1. :; ..:' :.- . _; i.,c,_iiz+..J i_ o:le s_F[

nlottittj.r_gpositi<.: t` th,:,_ i L: _',:.',+:<i << th:=, alLer:,ate mounting position.

The screen coordJn.;ttes ol L!te ?C[_S image from this camera is recorded.

This is the BBFI/S[ boresight pos',.tion.

Pre-flight al.ianmer_t ._he,:k:

:2 ' ) "" ('4:L"h ?_•-S)i_" mounted on the _ ' cope. . .• o_ ,. _e,__:-., '_i:n _'_e cavity ].l_'ht:: on,

verif 7 with the Ef._i that the b<_m tilt o_ the SII[-'.B is corre_:t. If it

is, the image of the ._:@cr.'_<i._r7, wiLL <:_i,'_c.t,Je._]th tire '_m<_ce -_ <._., <IKS'

in this camera. Can che,:k '_,[:: f,-,: diff__,rer:t: _-_ .... . _lev-_tlons

In-flight determinatiof of f'P[,'Sr_ b,-,;:,s:,._,,,_ ............us'_ng ,. _,n.__<-:_ c.r.,tr:

(3.1) Acquire *any* reference star in the 2BFI. t4,o'*ethe tele:'cc._e t,J :)_]t

this star on ti_e BBFi/31 bc,;:..-i,s_,_iht.[.,_,_!:=th<,t this star need not (and

generally will n)_-_ be vi.itibl,0 :.;it.b the :_[.

(3.2) With the transfer star centered or. ti_e B£FIISI boresight, identify the

same star in the FPI. Record the £P[ position. This is the FPI/SI

boresight. F.:<tract the movable B8 mirror from the beam, and observe.

Note that, given a stable SI, and a sturdily built 8B, this ZBFI/SI



i

bores _ -ht c._n oe _-'_.eck__ ,_t _sv t:.me Ln the flight.
d] - , ° -, •



Boresighter Box Alignment

Boresighter box alignment concept addresses the problem of aligning a Sl on
SOFIA with a zero traffic cavity that can be kept sealed.

This serves three purposes:

(1) Keep cavity (and optics) clean, and perhaps even cold.

(2) Reduce the amount of a/c time that is required to install a new Sl
on the telescope.

(3) Eliminate the need for line operations (requiring favorable weather)
for near-IR boresight determination.

Boresighter box must:

(1) allow Sl team to define a boresight on their instrument
(replacing PCLS on telescope as for KAO)

(2) allow Sl team to determine, or at least check on optimal Sl beam tilt
(replacing CliP on telescope as for KAO)

(3) have minimal complexity to encourage its use, and to allow for several
to be available

(4) not seriously compromise the flexibility of Sl mounting on SOFIA

(5) be rugged enough to travel with the Sl from lab to telescope without
compromising the alignment, and may be required to support a large
fraction of the weight of a Sl

(6) have a FOV that includes the optical axis of the telescope, but need not
cover the entire FOV of the telescope (8'). Assumes that Sl has some
detector close to the telescope optical axis.

While a separate box could be provided by the facility to attached to each Sl,
it could be simply required that the wherewithal to do this kind of alignment
be built into each Sl (ie telescope mounted PCLS and CliP not be routinely

supported).



Boresighter Box Options

1) view unfocussed image of PCLS and ref star on the back of a flip screen

advantages: - simple, compact package

disadvantages: - requires bright star for boresight transfer
- boresight is based on centroid of a defocussed

star image (<20 arcseconds in size)
- cannot image pupil to check beam tilt

2) view focussed image of PCLS and ref star star off of flip mirror directly

advantages: - compact package
- view focussed image, see faint ref stars

disadvantages: - cannot use commercial optics entirely

- optical arrangement will depend on focus
position (move lenses around, etc.)

- can image pupil to check beam tilt only by
moving optical components

3) view focussed image of PCLS and ref star off flip mirror with folded beam

advantages: - view focussed image
- commercial optics
- optical arrangement independent of focus location
- using beamsplitter, can image pupil to check beam

tilt simultaneously with boresight determination

disadvantages: - somewhat less compact package

One disadvantage for each of these concepts is that the box cannot
be used in the foreward mounting location.



Use of Boresighter Box

Alignment of simulator

(0.1) Alignment telescope is mounted on boresight box (BB); combination is
mounted on telescope, and the alignment telescope is aimed at the
center of the secondary. (Alignment telescope need not be exactly on
the optical axis of the main telescope.)

(0.2) Alignment telescope/BB is mounted on simulator. Simulator PCLS/CHP
mounts (fiducial secondary mirror position) are adjusted so that, with
respect to the mounting flange, the simulator is identical to the
telescope.

Alignment of Sl with simulator

(1.1)

(1.2)

Sl is mounted on boresight box. Combination is mounted on simulator.
Sl beam is adjusted to peak signal with CliP. Pupil camera on BB is
used to record the position of CHP in screen coordinates on the
imager.

PCLS replaces CliP on simulator. PCLS focus and angle are adjusted to
give peak signal on Sl. Boresight camera on BB is used to focus on,
and record position of PCLS image in screen coordinates on the
imager.

Pre-flight alignment check

(2.1) SI/BB is mounted on telescope. With cavity lights on, verify with pupil
imager that beam tilt of the Sl/BB is correct by comparing the
position of the secondary to that recorded in (1.0). This check can be
done anytime. This check could also serve to verify that the lateral
flexure compensation on the secondary is working properly, and that
the beam tilt is optimal for all telescope elevations.

In-flight boresight transfer using reference star

(3.1)Acquire *any* optically bright reference star in the boresight camera.
Center the star on the boresight position recorded in (1.1). Note that
this star need not (and generally will not) be visible with the Sl.

(3.2) With the star centered on the boresight camera, acquire the same star
in the FPI. Record position on the FPI. That's the FPI/Sl boresight.
Retract flip mirror, and observe.
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